The Cash for Clunker program aims to stimulate the economy, provide relief for automobile manufacturers and reduce greenhouse gas emissions. In this research note, I present estimates 
Introduction
The "Cash for Clunker" (CfC) program aims to stimulate the economy, provide relief for automobile manufacturers and reduce greenhouse gas emissions. In this short note, I make back of the envelope calculations of the implied cost of carbon under the program. The results suggest that the program is an expensive way to reduce carbon; this remains true when we account for reductions in criteria pollutants. Reasonable parameter values suggest an implied carbon cost in excess of $500 per ton; best case scenario parameter values suggest a cost of carbon of $237 per ton.
The reason for these results is easy to understand. Imagine a CfC program with a $4500 rebate.
Suppose the driving habits of both the clunkers and new cars are same, say an annual vehicle miles travelled of 12,000 miles. If the clunker's fuel economy is 16 mpg, while the new car's fuel economy is 25 mpg, then the scrappage program saves 270 gallons for every year the clunker would have been on the road. When burned, a gallon of gasoline creates roughly 20 pounds of carbon dioxide. 1 Therefore, the program saves 2.7 tons of carbon dioxide each year the clunker would have survived.
If the clunker would have survived another four years, the program has saved 10.8 tons of carbon dioxide for $4,500, or an average cost of over $400 per ton.
In this note I discuss and show how expanding on this simple example changes the cost estimates.
For example, the car may have survived for a longer, or shorter, time period. The new vehicle might be driven more than the clunker. Or, we may want to account for reductions in other pollutants.
I do not discuss the merits of the program in terms of stimulus. While the program is an expensive way to reduce greenhouse gases, it is certainly possible that the stimulus benefits outweigh the added environmental costs. I leave this question for a broader analysis of the program, but note that key legislators have suggested that the environmental gains from the program are large.
Model Set Up
An ideal investigation of the cost effectiveness of the program would calculate the amount of carbon that would be emitted absent the program and compare it to the amount of carbon that will be emitted with it.. Given that a gallon of gas creates roughly 20 pounds of CO2 when burned, the amount of carbon saved by the program, in tons, is given as:
(gallons/mile itc · miles itc − gallons/mile itn · miles itn )
where c represents the clunker, n the new car and i indexes the consumers taking advantage of the program. The second summation sums the difference in annual greenhouse gas emissions over the life of the clunker. 2 Ideally, we would know the joint distribution of the variables in equation (1), since the the four variables are unlikely to be independent. For example, those consumers choosing more fuel efficiency may do so because they drive more.
Absent the full distribution, as well as information about future driving habits and the unob- According to a recent CNN report, the average mileage of clunkers was 16.3 mpg; the average mileage of new cars purchased under the program was 24.8 mpg. 3 As a starting point, I assume that the clunker would have been driven 12,000 miles. I begin using the most conservative assumption that the new car is driven the same amount as the clunker.
There are at least three reasons to believe that the new vehicle will be driven more miles than the clunker. First, there is the classic "rebound" effect. Given the increase in fuel efficiency of the new car, the marginal cost of driving is lower. Second, numerous reports suggest that consumers are trading vehicles that were not being used. 4 Third, the new vehicle is likely to be more comfortable, also reducing the marginal cost of driving.
Estimates of the rebound effect exist. Table 2 ). 6 If we increase the length the clunker would have been on the road to five years, the implied cost of carbon is $333.
If this is reduced to three years, the implied cost is $556.
Another way to interpret the savings in greenhouse gases is to ask how much more fuel efficient or five years earlier due to the program. The longer the clunkers would have stayed on the road, the more cost effective the policy. Figure 1 plots the implied carbon cost allowing the clunker to have stayed on the road up to tens years and setting the other parameters at their "base" levels. 7
Even if the program takes vehicles that would have continued to have been driven 12,000 miles per year for 10 additional years, the implied carbon price is over $200 per ton. 
Varying Rebound/Adverse Selection Parameter
The base set of results assumes that vehicle miles travelled (VMT) of new cars purchased under the program does not increase, despite the increase in fuel economy and any adverse selection effects. Figure 2 plots the implied carbon prices allowing this parameter to range from zero to 0.50, under three, four and five years of scrappage. Table 2 reports results assuming rebound elasticities of 0.1, 0.25, and 0.5. As a frame of reference, at a rebound elasticity of 0.5, implying the new car is driven 3,129 more miles than the clunker, the implied carbon costs are $832 per ton for a four year scrappage increase.
What is the preferred estimate? Ideally, we would know the miles the clunker would have been driven and compare this to the miles the new car will be driven to calculate greenhouse gas savings. This information obviously does not exist. Again, the calculations in Lu (2006) There are many reasons to think that the increase in VMT will not be so extreme as to raise greenhouse gases from the program, but these calculations at least suggest that it is possible. For example, a family of three may trade in their teenager's car, that was being driven only 6,000 miles, and purchase a new car that will primarily be driven by one of the parents, shifting the parent's previous car to the teenager. Under this scenario aggregate VMT may not increase. However, the reductions in fuel consumption are uncertain since, while the teenager's "new" car is more fuel efficient than her previous car, the parent's new car may not be.
It is, however, unlikely that VMT will fall due to the program. Given this, we can continue to view the zero rebound results as representing conservative estimates of the implied carbon price of the program. But, it would seem that moderate increases in VMT are equally, if not more, likely than no increase.
Accounting for Co-benefits from Criteria Pollutants
Automobiles not only emit greenhouse gases, but they also emit criteria pollutants-pollution that causes more localized health and environmental damage. In particular, cars emit nitrogen oxides, hydrocarbons, particulate matter and carbon monoxide. New cars purchased under the program are not only more fuel efficient, but they are also cleaner in terms of criteria pollutants. This is due in large part to state and federal standards regulating the amount of these pollutants that can be emitted on a grams per mile basis.
To account for these reductions, I subtract the social benefits from criteria pollutant reductions Cash for Clunkers remains an expensive way to reduce greenhouse gases even when we "credit" for criteria pollutants. Table 2 reports the results using the parameters from the base case. The implied cost of carbon is $516, $365 and $269 for three, four and five year scrappage time, respectively. If we increase the social costs of each pollutant by 50 percent, the implied cost of carbon remains above $237 per ton. This is the lower bound of the estimates in this note.
Conclusions
The Cash for Clunker program is both a stimulus and environmental program. In this note, I
calculate the implied cost of greenhouse gas emission reductions and find that they exceed those estimates from the Waxman-Markey bill by nearly tenfold. 
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